Astrocytes implicated in the energizing of intermediate memory processes in neonate chicks.
Day-old chicks trained in a single trial passive avoidance task develop three sequentially dependent stages of discrimination memory. The second intermediate stage is made up of two phases: the initial A phase being susceptible to inhibition of oxidative metabolism in the tricarboxcylic acid (TCA) system with 2,4-dinitrophenol (DNP), and a second DNP-insensitive B phase. The studies reported in this paper found that doses of the metabolic toxins fluoroacetate (0.2 mM) and fluorocitrate (0.1 mM) previously reported to disrupt the astrocytic TCA cycle only, also disrupt the A (but not the B) phase of intermediate memory, suggesting an interaction between the astrocytic and neuronal oxidative systems may be required to meet the metabolic demands of this earlier phase. The B phase, on the other hand, was not expressed in the presence of the glycolytic inhibitor iodoacetate (1 mM), suggesting that glycolysis (known to be more efficient in astrocytes) and glycogenolysis (which may be exclusive to astrocytes) may support this second phase of intermediate memory. In this regard, the rise in forebrain noradrenaline levels previously reported to occur before the appearance of the B phase is particularly relevant. Given that noradrenaline has been shown to be capable of enhancing glycogenolysis in astrocyte-enriched cell cultures, it is conceivable that noradrenaline exerts an effect on memory by stimulating the glycolytic system in astrocytes, thereby providing energy or metabolites (e.g. pyruvate) needed to sustain the cellular processes operating during the B phase of intermediate memory.